INTRODUCTION {#s1}
============

Critical limb ischemia (CLI) is a clinical syndrome of ischemic pain at rest or tissue loss (non-healing ulcers or gangrene), which are related to peripheral artery disease[@r1]^)^. CLI patients with rest pain and wound are likely to lose the ability to walk and adequately perform activities of daily living (ADL). The TASCII (Trans-Atlantic Inter-Society Consensus II) reports a major amputation rate as high as 40% at 6 months and a mortality rate of 20--25% in the first year after presentation[@r2]^)^. At 5 years, the all-cause mortality rate of 70% exceeds that of colorectal cancer, breast cancer, stroke, and coronary artery disease[@r3], [@r4]^)^.

Patients with CLI are typically elderly and have a high prevalence of multiple severe comorbidities including diabetes and cardiovascular or cerebrovascular disease, as well as histories of hypertension, renal insufficiency, and transient ischemic attacks[@r5]^)^.

Overall long-term outcome and survival in CLI patients result from complex interactions between age, chronic infection, nutritional status, and ambulatory status[@r6],[@r7],[@r8],[@r9],[@r10],[@r11]^)^. In recent years, limb salvage has become more frequent to maintain the quality of life (QOL) and ambulatory status. Rehabilitation care is increasingly performed after limb salvage to prevent complications and maintain limb function. However, to the best of our knowledge, little research has been conducted on the ambulatory status of patients with CLI. Therefore, this study aimed to examine the predictive factors connected with the ambulatory state in wounds with CLI.

PARTICIPANTS AND METHODS {#s2}
========================

This study included 198 patients with CLI, who had undergone revascularization and minor amputation followed by physical therapy between January 2015 and December 2018.

We excluded patients with (1) infections after revascularization and minor amputation, (2) major amputations (below knee and above knee), (3) discharge due to death or other systemic complications, (4) use of a wheelchair for mobility before hospitalization.

After the exclusion criteria were applied, 73 inpatients were excluded, and 125 were selected as participants ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Selection process of target patients.).

We retrospectively evaluated the factors available from the medical records. The factors were age, gender, body mass index (BMI), amputation region (Toe, Ray, Transmetatarsal, Lisfranc), off-loading the foot period, pre-operative knee extension muscle strength, lower limb blood flow, comorbidities (hypertension, hyperlipidemia, diabetes, heart disease, cerebrovascular disease, chronic obstructive pulmonary disease, hemodialysis), pre-operative laboratory parameters (serum albumin, C-reactive protein, white blood cells), and functional independence measure (FIM) ambulation at discharge.

Regarding the lower limb muscle strength, the maximum voluntary isokinetic knee extension muscle strength was measured using a hand-held dynamometer (μ-tasF-1, ANIMA, Japan).

For knee extensor strength measurements, patients were asked to sit on a chair with the knee flexed at 90 degrees and to push against the dynamometer pad as much as possible for 5 seconds. Isokinetic knee extensor strength was measured 2 times on each side, and the highest value for the right and left legs was used as the knee extensor muscle strength.

In addition, skin perfusion pressure as the blood flow of the lower limb artery was evaluated by using a Laser Doppler (SensiLase PAD4000, KanekaMedix, Osaka, Japan) at the time of the first outpatient visit.

The ambulation status was evaluated using the movement parameter of the FIM. Patients with a score of 6 FIM were classified into the Ambulatory group and those with a score of 5 or lower were classified into the Non-Ambulatory group.

This study was approved by the Ethical Committee of Oita Oka Hospital (approval number: B0018).

The information of only those patients who had consented comprehensively for the study was analyzed. Furthermore, the database used in this study was anonymized in a linkable fashion, and only the researchers could access the identification numbers.

To analyze the factors influencing the ambulatory state of CLI, the χ^2^ test and the Mann-Whitney U test were performed. Logistic regression analysis (Stepwise method) was conducted with the item showing a significant difference between the two groups as the independent variable, and with the ambulatory state of CLI as the dependent variable. In choosing the independent variable, after considering multicollinearity, the internal correlation between each variable was confirmed, and the variable was deleted when the correlation coefficient was 0.7 or more. Finally, the odds ratio of the items left in the regression model, the 95% confidence interval, and the discriminant predictive value of the whole model were calculated. For statistical analysis, IBM SPSS statistics version 22 (IBM, Armonk, NY, USA) was used and p values less than 0.05 were considered significant.

RESULTS {#s3}
=======

The 125 patients were divided into two groups: Ambulatory (n=72, 57.6%) and Non-Ambulatory (n=53, 42.7%). There were significant differences between the groups with respect to the amputation region, off-loading the foot period, knee extension muscle strength, serum albumin levels, and presence or absence of heart disease ([Table 1](#tbl_001){ref-type="table"}Table 1.Patient clinical characteristics​VariablesAllAmbulatoryNon-Ambulatoryp valuegroupgroup(n=125)(n=72)(n=53)​Age (years​)73.2 ± 18.572.5 ± 9.774.3 ± 10.70.36Male (%)72 (57.6)41 (56.9)31 (58.4)0.26BMI (kg/m^2^​​)23.3 ± 7.724.1 ± 4.622.8 ± 5.90.31Amputation region (Toe/Ray/TMA/Lisfranc)51/38/25/1133/18/15/618/20/10/50.04Off-loading the foot period (days​)15.0 ± 9.811.7 ± 4.515.7 ± 10.50.02Knee extension muscle strength (kgf​)24.3 ± 14.528.4 ± 19.122.6 ± 9.70.01FIM ambulation5.5 ± 1.76.1 ± 0.94.0 ± 3.20.02ComorbiditiesHypertension62 (49.6)35 (48.6)27 (50.9)0.55Hyperlipidemia42 (33.6)24 (33.3)18 (33.9)0.29Diabetes56 (44.8)31 (43.0)25 (47.1)0.38Heart disease36 (28.8)15 (20.8)21 (39.6)0.02Cerebrovascular disease5 (4.2)3 (4.1)2 (3.7)0.73COPD4 (3.2)2 (2.7)2 (3.7)0.85Hemodialysis36 (28.8)21 (29.1)15 (28.3)0.42Laboratory parametersSerum albumin (g/dL​)3.4 ± 1.83.9 ± 1.43.1 ± 1.20.04CRP (mg/dL​)0.6 ± 1.20.5 ± 1.10.5 ± 1.30.51WBC (10^3^/μL​)7496 ± 19866991 ± 18617269 ± 14970.08Lower limb blood flowSPP (mmHg​)38.0 ± 24.039.0 ± 15.034.0 ± 18.00.18ABI0.5 ± 0.20.4 ± 0.20.5 ± 0.30.32Values are shown as the mean ± SD or n (%).BMI: body mass index; FIM: Functional Independence Measure; Off-loading the foot period: Number of days from amputation to loading start; TMA: Transmetatarsal amputation; COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein; WBC: white blood cell; SPP: skin perfusion pressure; ABI: ankle brachial pressure index.Gender, Amputation region, Comorbidities: χ^2^ test, Other items: Mann-Whitney test.).

After logistic regression analysis, knee extension muscle strength, off-loading the foot period, and the presence or absence of heart disease were selected as the factors influencing the ambulatory state. The Hosmer-Lemeshow test results were compatible with p=0.94, and the discriminant predictive value of the predicted value and the measured value was 75.6% ([Table 2](#tbl_002){ref-type="table"}Table 2.Multivariate logistic regression analyses for determinants of ambulatory stateOR95% CIp valueKnee extension muscle strength2.561.826.23\<0.05Off-loading the foot period0.820.620.93\<0.05Heart disease0.790.560.89\<0.01OR: Odds Ratio; CI: Confidence interval.Model χ^2^ test p\<0.01, Hosmer-Lemeshow p=0.94.Predictive value of the predicted value and the measured value was 75.6%.).

DISCUSSION {#s4}
==========

Our study revealed that knee extension muscle strength, off-loading the foot period, and the presence or absence of heart disease were associated with ambulatory status in wound with CLI patients. Sakaki et al.[@r12]^)^ reported that ambulation status was associated with the prognosis of the knee extensor muscles. Additionally, Mäkitie et al.[@r13]^)^ reported that biopsy of the quadriceps and gastrocnemius muscle showed myodegeneration and myopathy.

CLI patients are projected to have decreased skeletal muscle function associated with chronic lower limb ischemia.

In this study, the Ambulatory group showed significantly higher knee extension strength. In the Ambulatory group, off-loading the foot period was 11.7 ± 4.5 days, which was shorter than that seen in the Non-Ambulatory group. Patients with CLI need off-loading during the treatment of a wound to reduce the burden on the wounded area. Nehler et al.[@r14]^)^ reported that CLI patients were likely to show a significantly low value of the lower limb extension muscle strength during wound treatment. Therapy is therefore often needed to maintain physical function during off-loading the foot period.

It is reported that 51.6% of CLI patients have cardiac disease complications[@r6]^)^ and exercise intolerance[@r15]^)^. Additionally, the relationship between heart disease and ambulatory state reportedly decreases the patient's maximum continuous walking distance[@r16]^)^ and walking speed[@r17]^)^. Among the patients of the study, the proportion of heart disease combined was 20.8% and 39.6% in the Ambulatory and Non-Ambulatory group, respectively. We therefore determined that the presence of heart disease was likely to cause a decline in physical activity, leading to reduced ADL and circulatory dynamics before admission.

This study aims to contribute to the body of knowledge regarding appropriate goals of rehabilitation and the prediction of ambulatory state in CLI patients.

This study has several limitations. First, our results were obtained in a single facility. Similar findings need to be confirmed in other facilities for generalizability. Second, the influences of the rehabilitation program on the patients' ambulatory abilities were not sufficiently examined in this study. Therefore, future prospective investigations that include a larger number of patients are required to clarify the influence of CLI on the ambulatory state.
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